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(54) A process for the production of porous calcium phosphate articles for bone regeneration 
and as a support for cells and the porous articles themselves 



(57) A process for the production of a porous article 
comprises the following steps: preparation of a ceramic 
slip using calcium phosphate powder and a deflocculat- 
ing agent in a liquid; modification of the surface activity 
of the slip in the presence of air or inert gas so as to 
make the slip porous; the air or inert gas used to make 



the slip porous consists of a fixed predetermined vol- 
ume, guaranteeing the exact quantity of air or inert gas 
incorporated in the slip; casting of the slip obtained in 
this way in a microporous mould; drying of the slip cast 
in the microporous mould; sintering of the article in order 
to consolidate the structure obtained. The invention also 
relates to the porous articles obtained in this way. 
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Description 

[0001] The present invention relates to a process for the production of porous calcium phosphate articles for bone 
regeneration and as a support for cells and the porous articles themselves. 
5 [0002] More specifically, the present invention relates to the technology for production of calcium phosphate based 
articles characterised by a total porosity in the range between 70 and 90% by volume for use in the biomedical sector, 
in particular for bone regeneration and as support designed to hold cells. 

[0003] Calcium phosphates and in particular ceramic hydroxyapatite (also known to experts in the field as HA) were 
designed for use as bone fillers many years ago and their behaviour from the biocompatibility viewpoint is well known. 

10 [0004] Ceramic hydroxyapatite appears to be the ideal material to substitute bone, in tissue regeneration and engi- 
neering. Ceramic hydroxyapatite is known as an osteoinductive material. This means that it can conduct bone for- 
mation. Bone formation occurs directly on the surface of the material, creating a strong bond with the bone tissue. 
[0005] The intrinsic characteristics of the material have an effect on the biological result of an in vivo graft, including 
the properties of the powder, the properties of the sintered material and its structural configuration. In other words, the 

is biological properties of a product do not depend solely on its chemical composition, but also on the form, understood 
to be the structure of the material: dimensions and shapes of the pores. 

[0006] The properties of porous hydroxyapatite make it more integrable, "absorbable" and more osteoconductive 
than dense hydroxyapatite. When designing a bone substitute it is important to consider all of these parameters. In 
particular, as described above, porosity is essential in order to obtain more rapid osteoconduction. 
20 [0007] Since both medical knowledge and surgical techniques are constantly developing, there is a continuous 
growth in the demand for bone substitutes of synthetic origin in orthopaedic surgery, neurosurgery and maxillofacial 
surgery. 

[0008] Patent EP-0 598 783 proposes a process for obtaining porous articles starting with a dispersion of particles 
of refractory material in a liquid base to form a low-viscosity composition which is made porous by agitation in a free 
25 atmosphere or with other methods including: bubbling through a sponge, pressurised gases, reactive gas generating 
substances. The dispersion may include surfactants and polymerisable monomers. 

[0009] However control of the porosity of the articles obtained with the process described in the above-mentioned 
patent is uncertain, meaning that the required porosity and pore size distribution cannot always be obtained. 
[0010] One aim of the present invention is to provide an improved process for the production of porous calcium 
30 phosphate articles with a porous structure having a porosity controlled both as a ratio of the volume of material to the 
volume of air and as the porosity and pore size distribution. 

[001 1 ] Another aim of the present invention is to produce a porous calcium phosphate article with an improved porous 
structure, able to promote in particular both bone generation and holding cells by acting as a support. Use of this porous 
article avoids all risks of viral infections due to the potential risks associated with use of materials of human or animal 
35 origin. 

[001 2] Accordingly, the present invention presents a process for the production of porous calcium phosphate articles 
with a porous structure as specified in claim 1 . 

[001 3] In accordance with another feature of the present invention, a porous calcium phosphate article is presented 
with a porous structure as specified in claims 24 to 31 . 
40 [0014] The dependent claims refer to preferred, advantageous embodiments of the invention. 

[0015] Preferred embodiments of the present invention are illustrated in the accompanying drawings, without limiting 
the scope of the inventive concept, and in which: 

- Figure 1 illustrates the appearance of the material with fine texture porosity of a porous article made according to 
45 the present invention; 

- Figure 2 illustrates the appearance of the material with medium texture porosity of a porous article made according 
to the present invention; 

- Figure 3 illustrates the appearance of the material with large texture porosity of a porous article made according 
to the present invention; 

so - Figure 4 illustrates the appearance of part of the structure of a porous article made according to the present in- 
vention; 

- Figure 5 illustrates the appearance of the microstructure of a porous article made according to the present invention ; 

- Figure 6 illustrates the structure of material with fine texture porosity of a porous article made according to the 
present invention; 

55 . Figure 7 illustrates the structure of material with medium texture porosity of a porous article made according to 
the present invention; 

- Figure 8 illustrates the structure of material with large texture porosity of a porous article made according to the 
present invention; 
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Figure 9 illustrates an apparatus for the production of material for a porous article made according to the present 
invention; 

- Figure 1 0 is a flow chart illustrating the steps in the process according to the present invention. 

5 [0016] The process for the production of a porous article disclosed involves a step of preparing a ceramic mixture, 
known to experts as a "slip" and hereinafter referred to with this term, using calcium phosphate powder and a defloc- 
culating agent, mixed with a liquid. 

[0017] When preparing the slip, the consistency must be quite viscous, although it must still be possible to cast the 
slip in a mould. For this reason, the components used to make the slip must be added gradually and while constantly 
10 mixing. 

[0018] When preparing the ceramic slip , the viscosity obtained must preferably be in the range between 1 0,000 mPa. 
s and 40,000 mPa.s, and more preferably in the range between 25,000 mPa.s and 28,000 mPa.s (considering y = 4 
s * 1 where y= rate of deformation to which the slip is subjected). 

[0019] The ceramic powder used in the slip has an average particle size of between 0.7 and 2.0 |xm, preferably 1 .4 
15 jim with distribution of the size of the particles from 0.2 to 60 urn, most preferably with distribution of the size of the 
particles (from the smallest particle to the largest) in the range between 0.5 and 10 jim. 

[0020] The ceramic powder is also characterised by a specific surface area value between 2 and 8 m 2 /g, preferably 
between 4 and 6 m 2 /g according to the B.E.T. method which, as is known, is an analysis method based on physical 
and chemical adsorption of a gas on a solid. 
20 [0021] The ceramic powders considered in the present invention are monophasic powders such as: 

hydroxyapatite (HA), Beta-Tricalcium Phosphate (p-TCP), Alpha-Tricalcium Phosphate (a-TCP); 
biphasic powders such as: 

25 hydroxyapatite / Beta-Tricalcium Phosphate (HA / p-TCP), hydroxyapatite / Alpha-Tricalcium Phosphate (HA/ 

a-TCP) and Beta-Tricalcium Phosphate / Alpha-Tricalcium Phosphate (p-TCP/ a-TCP); and 
other calcium/phosphate powders containing compounds and/or elements such as C0 3 and Mg, carbonated 
hydroxyapatite (CHA) and hydroxyapatite with magnesium (HA-Mg). 

30 [0022] The liquid base of the slip is double-distilled water and accounts for between 1 9% and 25% of the weight of 
the slip, preferably between 21% and 23% by weight. 

[0023] A deflocculating agent is used to obtain a stable slip: for example, products in the chemical class of alkali- 
free polyelectrolytes. 

[0024] Figure 9 illustrates an example of a mixer 1 for obtaining the slip. The mixer comprises a closable container 
35 2, substantially in the form of a bottle positioned with the axis horizontal and having an opening 3 with a cap 4 that 

closes it. The opening 3 can be used to introduce the ingredients of the slip 5. The ingredients are mixed by rotary 

means 6, consisting of rotary rollers with horizontal axes which cause the container 2 to rotate by friction. 

[0025] The homogeneity of the slip is obtained by mixing the raw materials with the aid of grinding means 7, for 

example consisting of alumina grinding balls. 
40 [0026] All hard and chemically inert materials can be used for the grinding means 7, so as to promote homogenisation 

of the raw materials and not create reactions with the raw materials. 

[0027] In particular, alumina grinding means may be used both because they have chemically inert behaviour and 
because of their hardness: this gives them a high level of grinding power. 

[0028] The preferred quantity of grinding means used relative to the quantity of slip has a ratio of between 0.75:1 
45 and 1 .5:1 , and preferably 1 :1 . The mixing time is preferably between 5 and 10 hours with low speed rotation of the 
mixing means 6. For example, the container 2 may rotate at 10 - 20 revolutions per minute, preferably 12-18 rpm; 
even more preferably at 15 rpm. 

[0029] The process then involves the step of slip expansion, modifying its surface activity by adding one or more 
anionic surfactants selected from the group of alkyl sulphates, sodium salts and ammonium salts. 

so [0030] Therefore, the various porosities are obtained by changing the surface activity of the slip by adding to the slip 
one and/or more anionic surfactants, for example: DACPO/27, COSMACOL/AES, Schaumungsmittel W53 FL and 
Olimpicon A - in quantities of between 0.5 and 4% by weight, and preferably between 1 and 3 % by weight. 
[0031] Following the addition of surfactants to the slip, homogenisation of the mixture is achieved by rotating the 
container 2 for a time preferably between 2 and 20 hours (preferably 5 - 10 hours) at a low container 2 speed of rotation. 

55 For example, container 2 rotation may be between 10 and 20 rpm, preferably 12-18 rpm. 

[0032] It should be noticed that homogenisation must occur in a closed environment, that is to say, in the closed 
container 2 in which there is a predetermined volume 8 of air or inert gas. Since the volume 8 is fixed and predetermined, 
the exact quantity of air or inert gas incorporated in the slip is guaranteed. 
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[0033] The homogenisation time, the speed of rotation of the container 2, the percentage and/or type of surfactant 

allow complete homogenisation of the slip with all of the air or inert gas present in the closed container 2. 

[0034] With reference to the type of porosity to be obtained - fine texture, medium texture and large texture (Figures 

1 , 2 and 3) different percentages and/or types of anionic surfactants are added to the basic slip. 

5 [0035] The difference in terms of total porosity (from 70 to 90% by volume) may be planned with the present invention. 
It is closely related to the reaction volume of the closed container used during the step of homogenising the slip with 
the surfactant(s) . The reaction volume of the air or inert gas is between 35% and 70% of the total volume of the container 

2, preferably being between 40% and 60%, so as to obtain total porosity in a range of between 70% and 90% by volume. 
[0036] The total percentage porosity of the final device depends on the volume of air made available to the expansion 

10 reaction of the slip with surfactant added to it: the greater the volume of air made available to the reaction, the greater 
the total porosity of the device. 

[0037] This is followed by the step of casting the slip thus obtained in a porous mould. 

[0038] The mould is preferably made of porous paper (weight of paper 150g/m 2 ). The porosity of the mould is pref- 
erably in a range of 15 - 30 ^m, and preferably in a range of 17 - 25 jim. This is followed by a step of drying the slip 
15 cast in the porous mould. Drying may take place at room temperature (keeping the temperature in the range 20 - 25 
degrees Centigrade), or drying may take place in a microwave oven at the controlled temperature of 25 degrees Cen- 
tigrade. 

[0039] When drying at room temperature, the time is in a range of 1 8 - 50 hours, most preferably 24 - 48 hours, whilst 
when using a microwave oven, keeping the temperature constant at 25 degrees Centigrade, the drying time is lowered 
20 to a range of between 5 and 24 hours, most preferably 8 - 20 hours. 

[0040] When drying in a microwave oven, the slip used to make the porous article is dried evenly at all points. This 
avoids the problems which could arise with conventional stoves, caused by different expansion between the colder 
inside and the hotter outside of the material and the porosity of the slip. 

[0041] This is followed by a step of sintering the article to consolidate the structure obtained. Possible temperatures 
25 for sintering are in the range between 400 and 1400 degrees Centigrade, most preferably in the range between 900 
and 1300, with a preferred value of approximately 1200 degrees Centigrade. 

[0042] The sintering step may also be carried out in a flow of carbon dioxide (C0 2 ), in particular for carbonated 
hydroxyapatite and to prevent the carbon present in the hydroxyapatite from combining with oxygen. 
[0043] After sintering, the porous article can easily be processed to obtain the shapes necessary in the various 
30 medical sectors. The porous article obtained using the present invention may be used as a bone substitute for filling 
bone defects or as a support for cells in hard tissue engineering. 

[0044] The macroporosity of the sintered porous article obtained as described using the present invention is char- 
acterised by an open porosity (Figure 4). 

[0045] The microstructure of the articles produced in accordance with the present invention is illustrated in Figure 
35 5. It may be controlled by modifying the final temperature reached during the consolidation process (sintering). The 
porous articles obtained using the process disclosed have excellent even porosity and pore size distribution. 
[0046] The total distribution of the porosity (micro, macro and interconnecting pores) was analysed using an image 
analyser (Leica Imaging System Ltd. Q500MW by Qphase Application). 

[0047] The data about pore size distribution relative to the various types of texture is indicated in Table 1 , whilst in 
40 Table 2, in particular, the data refers to the interconnecting porosity distribution (Figures 6, 7 and 8). 

[0048] The porosity data is expressed in terms of equivalent diameter. Equivalent diameter is understood to mean 
the average value calculated considering the smallest diameter and the largest diameter of the pore. 



Table 1 - 



Total porosity distribution 


Ref. Sample 


0-100 n.m Area*(%) 


1 00-200jim Area* 
(%) 


200-500 |im Area* 
(%) 


>500 urn Area*(%) 


HA (Fine Texture) 


4.48 


35.34 


54.94 


5.24 


HA (Medium 
Texture) 


1.10 


22.35 


58.28 


18.27 


HA (Large Texture) 


2.00 


17.93 


58.14 


21.93 



* surface area analysed = 350 mm' 

55 
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Table 2 - 



Interconnecting porosity distribution 






net. oampie 


< ou |im Mrea \ /o) 


Q A H Oft it rvs A m o * 

ou -i^u |im Area 


A OA O AAi ■ A rr\ n * w Oft ft . . mm A \ 

1 <£u - *>oujim Area > 200p.m Area (%) 






(%) 


(%) 


HA (Fine Texture) 


81.78 
===== 


16.01 


2.21 0 


HA (Medium 


5472 


25.79 


16.05 3.44 


Texture) 








HA (Large Texture) 


47.03 


19.76 


15.42 17.79 



* surface area analysed = 60 mm^ 



[0049] The following are several examples of the process disclosed. These examples must only be considered for 
improved understanding and in no way limit the scope of the present invention. 

EXAMPLE 1 

[0050] Hydroxyapatite powder, water and Dolapix CA (manufacturer: ZSCHIMMER & SCHWARZ) are mixed with 
the aid of alumina grinding means to obtain a slip (ratio of slip/grinding means = 1 :1 .5). 

[0051] The following surfactants: SCHAUMUNGSMITTEL W53 FL (trade name, manufacturer: ZSCHIMMER & 
SCHWARZ), DACPON/27-23 AL (manufacturer: Condeaj are added to the slip in a closed container with a reaction 
volume, that is to say, the volume of air inside the container, in the range between 60 and 65% of the total volume. 
[0052] Following addition of the surfactants, the slip is mixed by rotating the closed container for 1 0 hours at a speed 
of 15 rpm. After the slip has been mixed, it is cast in a porous mould then the product is dried for 24 hours at room 
temperature. 

[0053] At the end of the drying process the green sample is sintered for 1 hour at a temperature of 1200 degrees 
Centigrade. 

[0054] The sample obtained has a structure with open porosity characterised by a total porosity which is 90% of the 
volume (±3%) with large texture (Figures 3 and B). 

EXAMPLE 2 

[0055] Hydroxyapatite powder, water and Dolapix (manufacturer: ZSCHIMMER & SCHWARZ) are mixed with the 
aid of alumina grinding means to obtain a slip (ratio of slip/grinding means = 1 :1). The following surfactants are added 
to the slip prepared in this way: SCHAUMUNGSMITTEL W53 FLUSSIG (manufacturer: ZSCHIMMER & SCHWARZ), 
DACPON/27-23 AL (manufacturer: Condea), COSMACOL AES 70-2-25 NE (manufacturer Condea) in a closed con- 
tainer with a reaction volume, that is to say, the volume of air inside the container, in the range between 50 and 55% 
of the total volume. 

[0056] Following addition of the surfactants, the slip is mixed by rotating the closed container for 12 hours at a speed 
of 15 rpm. After the slip has been mixed, it is cast in a porous mould then dried for 36 hours at room temperature. At 
the end of the drying step the green sample is sintered for 1 hour at a temperature of 1200 degrees Centigrade. The 
article obtained has a structure with open porosity characterised by a total porosity which is 80% of the volume (±3%) 
with medium texture (Figures 2 and 7). 

EXAMPLE 3 

[0057] Hydroxyapatite powder, water and Dolapix CA (manufacturer: ZSCHIMMER & SCHWARZ) are mixed with 
the aid of alumina grinding means to obtain a homogeneous slip (ratio of slip/grinding means = 1 :0.75). The following 
surfactant is added to the slip prepared in this way: SCHAUMUNGSMITTEL W53 FL (manufacturer: ZSCHIMMER & 
SCHWARZ) in a closed container with a reaction volume (volume of air inside the container) in the range between 40 
and 45% of the total volume. Following addition of the surfactant, all of the ingredients are mixed by rotating the closed 
container for 1 8 hours at a speed of 15 rpm. After the slip has been mixed, it is cast in a porous mould then dried for 
40 hours at room temperature. 

[0058] At the end of the drying process the green article is sintered for 1 hour at a temperature of 1200 degrees 
Centigrade. 

[0059] The end article has a structure with open porosity, with a total porosity which is 70% of the volume (±3%), 
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characterised by a fine texture (Figures 1 and 6). 
EXAMPLE 4 

5 [0060] Hydroxyapatite powder, water and Dolapix CA (manufacturer: ZSCHIMMER & SCHWARZ) are mixed with 
the aid of alumina grinding means to obtain a homogeneous slip (ratio of slip/grinding means = 1:1). The following 
surfactants are added to the slip prepared in this way: SCHAUMUNGSMITTEL W53 FL (manufacturer: ZSCHIMMER 
& SCHWARZ) and OLIMPICON A (manufacturer: Olimpia) in a closed container with a reaction volume (volume of air) 
in the range between 50 and 55% of the total volume. 

10 [0061] Following addition of the surfactants, all of the ingredients are mixed by rotating the closed container for 5 
hours at a speed of 15 rpm. After the slip has been mixed, it is cast in a porous mould then dried for 48 hours at room 
temperature. 

[0062] At the end of the drying process the green article is sintered for 1 hour at a temperature of 1200 degrees 
Centigrade, 

15 [0063] The end article has a structure with open porosity, with a total porosity which is 80% of the volume (±3%), 
characterised by a medium texture (Figures 2 and 7). 

EXAMPLE 5 

20 [0064] Carbonated hydroxyapatite powder (CHA), water and Dolapix CA (manufacturer: ZSCHIMMER & SCHWARZ) 
are mixed with the aid of alumina grinding means to obtain a homogeneous slip (ratio of slip/grinding means = 1 :1). 
The following surfactants are added to the slip prepared in this way: SCHAUMUNGSMITTEL W53 FL (manufacturer: 
ZSCHIMMER & SCHWARZ) and OLIMPICON A (manufacturer: Olimpia) in a closed container with a reaction volume 
(volume of air) in the range between 55 and 60% of the total volume. 

25 [0065] Following addition of the surfactants, all of the ingredients are mixed by rotating the closed container for 
between 1 and 2 hours at a speed of 15 rpm. Afterthe slip has been mixed, it is cast in a porous mould then dried for 
48 hours at room temperature. 

[0066] At the end of the drying process the green article is sintered for 1 hour at a temperature of 600 degrees 
Centigrade, in a flow of C0 2 . 

30 [0067] The end article has a structure with open porosity, with a total porosity which is 83% of the volume (±3%), 
characterised by a medium-large texture (a texture whose appearance is between those in Figures 2, 7 and 3, 8 ) . 
[0068] The present invention brings important advantages. 

[0069] The process disclosed may be used to produce porous articles whose porosity is controlled both in terms of 

the overall porosity volume and in terms of porosity distribution. 
35 [0070] Controlling the porosity is simple, since it depends on few parameters: in particular, the volume of air (or inert 

gas) in the closed container 2 allows the exact quantity of air or inert gas which is incorporated in the slip to be obtained. 

[0071] As regards the type of porosity to be obtained: fine texture, medium texture and large texture (Figures 1 , 2 

and 3), these are obtained by adding different percentages and/or types of anionic surfactants to the basic slip. 

[0072] The invention described can be subject to modifications and variations without thereby departing from the 
40 scope of the inventive concept as described in the claims herein. 



Claims 

45 1 . A process for the production of a porous article comprising the following steps: 

- preparation of a ceramic slip in a liquid using calcium phosphate powder and a deflocculating agent, 

- modification of the surface activity of the slip in the presence of air or inert gas so as to make the slip porous, 

- casting the slip thus obtained in a microporous mould, 
so . drying the slip cast in the microporous mould, 

- sintering the article in order to consolidate the structure obtained, 

characterised in that the volume of air or inert gas used to make the slip porous is fixed and predetermined, 
guaranteeing the exact quantity of air or inert gas incorporated in the slip. 

55 

2. The process for the production of a porous article according to claim 1 , characterised in that the volume of air 
or inert gas is in the range between 35% and 70% of the total volume of the slip plus the volume of air or inert gas 
itself. 
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3. The process for the production of a porous article according to claim 1 or 2, characterised in that the step of 
modifying the surface activity of the slip is achieved by adding a surfactant. 

4. The process for the production of a porous article according to any of the foregoing claims, characterised in that 
s the step of modifying the surface activity of the slip is achieved by adding one or more anionic surfactants selected 

from the group of alkyl sulphates, sodium salts and ammonium salts. 

5. The process for the production of a porous article according to any of the foregoing claims, characterised in that 
the step of modifying the surface activity of the slip is achieved by mixing at low speed. 

10 

6. The process for the production of a porous article according to any of the foregoing claims, characterised in that 
the step of modifying the surface activity of the slip is achieved by placing the products used to make the slip in a 
container (2) rotating at a speed of between 10 and 20 rpm for a time of between 2 and 20 hours. 

15 7. The process for the production of a porous article according to any of the foregoing claims, characterised in that 
the step of preparing the ceramic slip includes the use of hard and inert grinding means, in a ratio of between 0.75: 
1 and 1 .5:1 relative to the quantity of slip. 

8. The process for the production of a porous article according to any of the claims from 1 to 7, characterised in 
20 that the step of preparing the ceramic slip includes the use of hard and inert grinding means, in a ratio of 1:1 

relative to the quantity of slip. 

9. The process for the production of a porous article according to claim 7 or 8, characterised in that the grinding 
means are made of alumina. 

25 

10. The process for the production of a porous article according to claim 7 or 8, characterised in that the step of 
preparing the ceramic slip is achieved by mixing at a low speed of rotation of the container (2) in which the products 
used to make the slip are held. 

30 11. The process for the production of a porous article according to claim 7 or 8, characterised in that the step of 
preparing the ceramic slip is achieved by mixing at a speed of rotation in the range between 40 and 80 rpm of the 
container (2) in which the products used to make the slip are held. 

12. The process for the production of a porous article according to claim 7 or 8, characterised in that the homoge- 
35 nisation time of the step of preparing the ceramic slip is in the range between 2 and 20 hours. 

13. The process for the production of a porous article according to any of the foregoing claims, characterised in that 
the step of casting the slip is achieved using a microporous paper mould. 

40 14. The process for the production of a porous article according to claim 13, characterised in that the paper used to 
make the mould has a porosity in the range between 17 and 25 \im. 

15. The process for the production of a porous article according to any of the foregoing claims, characterised in that 
the step of preparing the slip is achieved using calcium phosphate powders selected from a powder in the group 

45 consisting of hydroxyapatite (HA), Beta-Tricalcium Phosphate (p-TCP), Alpha-Tricalcium phosphate (cc-TCP), car- 

bonated hydroxyapatite (CHA) and hydroxyapatite with magnesium (HA-Mg). 

16. The process for the production of a porous article according to any of the claims from 1 to 14, characterised in 
that the step of preparing the slip is achieved using a biphasic calcium phosphate powder selected from a biphasic 

50 powder in the group consisting of hydroxyapatite/ Beta-Tricalcium Phosphate (HA/ p-TCP), hydroxyapatite/ Alpha- 
Tricalcium Phosphate (HA/a-TCP) and Beta-Tricalcium Phosphate/ Alpha-Tricalcium Phosphate (p-TCP/ a-TCP). 

1 7. The process for the production of a porous article according to any of the foregoing claims, characterised in that 
the step of preparing the slip is achieved using a calcium phosphate powder with a surface area in the range 

55 between 2 and B m 2 /g. 

18. The process for the production of a porous article according to any of the foregoing claims, characterised in that 
the step of preparing the slip is achieved using a defiocculating agent selected from the group consisting of products 
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in the chemical class of alkali-free polyelectrolytes. 

19. The process for the production of a porous article according to any of the foregoing claims, characterised in that 
the step of drying the slip takes place at room temperature for a time in the range between 24 and 48 hours. 

5 

20. The process for the production of a porous article according to any of the foregoing claims, characterised in that 
the step of drying the slip takes place with the aid of microwaves for a time in the range between 5 and 24 hours. 

21 . The process for the production of a porous article according to any of the foregoing claims, characterised in that 
10 the sintering step takes place at a temperature in the range between 400 and 1400 degrees Centigrade. 

22. The process for the production of a porous article according to any of the foregoing claims, characterised in that 
the sintering step takes place at a temperature of 1200 degrees Centigrade. 

15 23. The process for the production of a porous article according to any of the foregoing claims, characterised in that 
the sintering step takes place in a flow of carbon dioxide (C0 2 ). 

24. A porous article which may be used as a filler for regeneration of bone defects or as a support for holding cells, 
characterised in that for a fine texture it has a total porosity distribution according to the following values: 

20 

from 0 to 1 00 \im (equivalent diameter), percentage area between 4 and 5%; 
from 1 00 to 200 \irr\ (equivalent diametet), percentage area between 35 and 36%; 
from 200 to 500 jim (equivalent diametet), percentage area between 54 and 56%; 
above 500 \im (equivalent diametei), percentage area between 5 and 6%. 

25 

25. The porous article which may be used as a filler for regeneration of bone defects or as a support for holding cells, 
characterised in that for a medium texture it has a total porosity distribution according to the following values: 

from 0 to 1 00 n.m (equivalent diameter), percentage area between 1 and 1 .5%; 
30 from 1 00 to 200 p.m (equivalent diametei), percentage area between 22 and 23%; 

from 200 to 500 \im (equivalent diametet), percentage area between 58 and 59%; 
above 500 urn (equivalent diametei), percentage area between 18 and 19%. 

26. The porous article which may be used as a filler for regeneration of bone defects or as a support for holding cells, 
35 characterised in that for a large texture it has a total porosity distribution according to the following values: 

from 0 to 1 00 (equivalent diameter), percentage area between 1 .5 and 2.5%; 
from 100 to 200 jim (equivalent diametei), percentage area between 17.5 and 18.5%; 
from 200 to 500 \im (equivalent diametet), percentage area between 58 and 59%; 
40 above 500 jim (equivalent diametei), percentage area between 21 .5 and 22.5%. 

27. The porous article which may be used as a filler for regeneration of bone defects or as a support for holding cells, 
characterised in that for a fine texture it has an interconnecting porosity distribution according to the following 
values: 

45 

below 80 \im (equivalent diametei), percentage area between 80 and 82%; 
from 80 to 120 (equivalent diameter), percentage area between 15.5 and 16.5%; 
from 120 to 200 \im (equivalent diametei), percentage area between 2 and 3%; 
above 200 ^im (equivalent diametei), percentage area between 0 and 0.5%. 

50 

28. The porous article which may be used as a filler for regeneration of bone defects or as a support for holding cells, 
characterised in that for a medium texture it has an interconnecting porosity distribution according to the following 
values: 

55 below 80 jim (equivalent diameter), percentage area between 54 and 56%; 

from 80 to 120 \im (equivalent diameter), percentage area between 25 and 27%; 
from 120 to 200 \im (equivalent diameter), percentage area between 15.5 and 16.5%; 
above 200 \irr\ (equivalent diameter), percentage area between 3 and 4%. 
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29. The porous article which may be used as a filler for regeneration of bone defects or as a support for holding cells, 
characterised in that for a large texture it has an interconnecting porosity distribution according to the following 
values: 

below 80 urn (equivalent diameter), percentage area between 46 and 48%; 
from 80 to 120 jim (equivalent diameter), percentage area between 19 and 21%; 
from 120 to 200 p.m (equivalent diameter), percentage area between 15 and 16%; 
above 200 \im (equivalent diameter), percentage area between 17 and 19%. 
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PREPARAZIONE Dl UN IMPASTO CERAMICO 
(BARBOTTINA) VISCOSO 

1 ~ 

AGGIUNTA Dl UN TENSIOATTIVO 

1 ~ 

AGITAZIONEA BASSA VELOCITA' IN UN 
CONTENITORE CHIUSO CON ARIA IN PARTE 

I 

COLATURA DELIA BARBOTTINA IN UNO 
STAMPO MICROPOROSO 
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ESSICCAZIONE DELLA BARBOTTINA 



SINTERIZZAZIONE 



